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&y  Improvements  in  or  relating  to  robot  control  systems. 

Qjj)  During  demonstration  of  a  job  sequence  by  an  operator, 
an  image  error  signal  (1  )  generated  by  a  camera  raster,  is  fed 
into  a  register  (2),  where  it  corrects  the  actual  raster  position, 
which  is  then  stored  in  a  data  store  (3).  A  tachometer  signal 
(11)  from  a  joint  of  a  model  of  a  robot  arm,  being 
manipulated  by  the  operator,  is  subtracted  from  a  corres- 
ponding  tachometer  signal  (12)  on  the  robot  arm  and  passed 
to  a  processor  (5). 

The  processor  (5)  uses  an  iterative  procedure  to  evaluate 
a  set  of  constants  from  the  tachometer  signals  (11)  from  the 
model.  The  servo  signals  are  subsequently  used  to  enable 
the  robot  arm  to  repeat  the  job  sequence. 
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This  i n v e n t i o n   r e l a t e s   to  robot  con t ro l   systems  and  i n  

p a r t i c u l a r ,   though  not  e x c l u s i v e l y ,   to  such  a  system  wherein  t h e  

robot  can  be  programmed  by  an  o p e r a t o r   who  demons t r a t e s   a  j o b  

s e q u e n c e .  
In  a  robot   c o n t r o l   system  of  th is   kind,  the  o p e r a t o r   moves 

an  ob jec t   through  a  s e r i e s   of  movements,  which  the  robot   wi l l   be 

r e q u i r e d   to  r e p e a t ,   in  the  f i e l d   of  view  of  a  camera,  by  means 
of  which  the  robot   senses   and  s t o r e s   i n f o r m a t i o n   i n d i c a t i v e   o f  

the  image  or  p a t t e r n   formed  by  the  ob j ec t .   The  camera  d i f f e r s  

from  most  t e l e v i s i o n   cameras,   in  tha t   i t   has  a  scan  r a s t e r   which  

is  v a r i a b l e   in  shape,  s ize   and  o r i e n t a t i o n ,   and  is  p r e f e r a b l y ,  

a l though  not  e s s e n t i a l l y ,   formed  of  two  se ts   of  scan  l i n e s  

a p p r o x i m a t e l y   at  r i g h t   angles   to  each  o the r .   Once  the  image 

i n f o r m a t i o n   has  been  s t o r e d ,   i t   may  be  compared  and  matched  w i t h  

new  image  i n f o r m a t i o n .  

During  subsequent   r e p e t i t i o n   of  the  job  sequence  by  t h e  

robot ,   t hese   e r ro r   s i g n a l s   so  der ived  are  used  to  con t ro l   t h e  

movement  of  the  ob jec t   by  the  robo t ,   i n s t ead   of  the  movement  o f  

the  camera  r a s t e r .   The  e r r o r   s i gna l s   t h e r e f o r e   need  to  be 

t r an s fo rmed   from  the  r a s t e r   c o - o r d i n a t e   system  to  the  r o b o t  

c o - o r d i n a t e   system  and  compared  with  p o s i t i o n   s i g n a l s   d e r i v e d  

from  p o s i t i o n   sensors   on  each  j o i n t   of  an  arm  of  the  r o b o t ,  

which  is  r e q u i r e d   to  be  m a n i p u l a t e d   in  order  to  move  the  o b j e c t .  

If   the  arm  has,  for  example,  six  degrees  of  freedom,  so  

tha t   six  servo  c o n t r o l s   are  r e q u i r e d ,   which  are  c o n t r o l l e d   by ,  

say,  e igh t   e r ro r   s i g n a l s   de r ived   from  the  image,  then  at  l e a s t  



f o r t y - e i g h t   t r i g o n o m e t r i c a l   e x p r e s s i o n s   need  to  be  e v a l u a t e d ,  

which  f u r t h e r   r e q u i r e   at  l e a s t   s ix   pa ramete r s   der ived  from  t h e  

p o s i t i o n   sensors   on  the  a rm.  

These  e v a l u a t i o n s   may  be  c a r r i e d   out  by  a  p r o c e s s o r  
connected   to  the  arm  of  the  robo t .   However,  i t   can  c l e a r l y   be  

env i saged   t ha t   such  e v a l u a t i o n   could  e a s i l y   become  a  c o m p l i c a t e d  

and  l eng thy   o p e r a t i o n .  

I t   is  t h e r e f o r e   an  o b j e c t   of  the  i n v e n t i o n   to  provide  an 

improved  robot   con t ro l   system  which  s u b s t a n t i a l l y   s i m p l i f i e s   any  

r e q u i r e d   e v a l u a t i o n   t h e r e w i t h i n .  

According  to  the  p r e s e n t   i n v e n t i o n   t h e r e   is  provided  a  

robot   con t ro l   system,  where in   a  robot   can  be  programmed  by 

d e m o n s t r a t i o n   to  r epea t   a  job  sequence ,   c h a r a c t e r i s e d   in  t h a t  

the  system  i n c l u d e s   a  model  of  the  robo t ,   or  of  a  p a r t  t h e r e o f ,  

which  can  be  moved  in to   a  des i r ed   p o s i t i o n   during  d e m o n s t r a t i o n  

of  the  job  sequence ,   sa id   model  g e n e r a t i n g   at  l e a s t   one  s i g n a l  

i n d i c a t i v e   of  the  d e s i r e d   movement,  means  for  u t i l i s i n g   s a i d  

s i g n a l ,   or  s i g n a l s ,   to  e v a l u a t e   data  which  can  be  used  t o  

g e n e r a t e   servo  s i g n a l s   s u b s t a n t i a l l y   e q u i v a l e n t   to  t h e  

f i r s t - m e n t i o n e d   s i g n a l ,   or  s i g n a l s ,   g e n e r a t e d   by  said  m o d e l ,  

means  for  s t o r i n g   the  data  in  accordance   with  the  job  s e q u e n c e ,  

and  means  for  u t i l i s i n g   sa id   data  to  gene ra t e   said  s e r v o  

s i g n a l s ,   sa id   servo  s i g n a l s   being  used  to  cause  r e p e t i t i o n   o f  

the  des i r ed   movement  by  the  r o b o t .  

The  model  is  p r e f e r a b l y   of  a  j o i n t e d   arm  of  the  r o b o t ,  

which  is  r equ i r ed   to  be  m a n i p u l a t e d .   Each  j o in t   is  p r o v i d e d  

with  a  t achometer   and,  dur ing   d e m o n s t r a t i o n   of  the  job  s e q u e n c e  

by  an  o p e r a t o r ,   the  t achomete r s   can  be  connected  to  robot  s e r v o s .  

Each  c o r r e s p o n d i n g   j o i n t   of  the  a c t u a l   arm  of  the  robot   i s  

provided  with  a  drive  motor  and  a  t a c h o m e t e r .   These  

t achomete r s   are  connected  to  provide  v e l o c i t y   feedback  and  can 

balance  the  t achomete rs   on  the  model,  so  t ha t   any  a n g u l a r  

movement  which  the  o p e r a t o r   gives  to  the  model  can  be  r e p r o d u c e d  

by  the  arm.  Such  a  system,   however,  is  s ub j ec t   to  slow  d r i f t ,  



so  t h a t   the  drive  motors  need  to  be  swi tched   off  dur ing  b r e a k s  

in  p r o g r a m m i n g .  

As  the  arm  moves  during  the  d e m o n s t r a t i o n ,   a  r a s t e r   on  a 

camera  a s s o c i a t e d   with  the  robot   is  al lowed  to  fo l low  a  v i s i b l e  

image  of  an  ob jec t   being  moved  by  the  arm.  

As  the  r a s t e r   fol lows  the  motion  demons t r a t ed   by  t h e  

o p e r a t o r ,   e i gh t   image  e r ro r   s i g n a l s   are  g e n e r a t e d ,   which  h o l d  

the  r a s t e r   in  p o s i t i o n .   At  s u b s t a n t i a l l y   the  same  i n s t a n t ,   t h e  

o p e r a t o r ,   by  m a n i p u l a t i n g   the  model,  produces   s ix   t a c h o m e t e r  

s i g n a l s   which  can  be  used,  i n s t e a d   of  the  e r r o r   s i g n a l s ,   t o  

o p e r a t e   the  servo  c o n t r o l s   of  the  arm.  A  p rocedure   is  c a r r i e d  

out  by  a  p r o c e s s o r   to  e v a l u a t e   a  f u n c t i o n   which  r e l a t e s   t h e  

image  e r r o r   s i g n a l s   to  servo  s i g n a l s   needed  to  dr ive   the  motor  

of  each  j o i n t   at  the  speeds  d i c t a t e d   by  the  d e m o n s t r a t i o n   a t  

each  i n s t a n t .  

The  p o s i t i o n s   of  the  r a s t e r   t h roughou t   the  d e m o n s t r a t i o n  

are  r e c o r d e d .   When  the  robot   is  r e q u i r e d   to  r e p e a t   the  j o b  

sequence ,   subsequent   to  the  d e m o n s t r a t i o n   the  r a s t e r   is  a l l o w e d  

to  fol low  the  image  of  the  ob j ec t   and  the  d i f f e r e n c e   between  t h e  

r a s t e r   p o s i t i o n   and  the  r ecorded   p o s i t i o n   now  forms  the  p r i m a r y  

e r ro r   s i g n a l s ,   and  the  f u n c t i o n s   which  were  e v a l u a t e d   by  t h e  

above-ment ioned   procedure  are  used  to  t r a n s f o r m   these   p r i m a r y  

e r ro r   s i g n a l s   into  the  servo  s i g n a l s .  

In  accordance   with  the  i n v e n t i o n ,   at  any  p a r t i c u l a r  

p o s i t i o n   of  the  arm  of  the  r obo t ,   each  of  the  six  t a c h o m e t e r  

s i g n a l s   can  be  r ep laced   by  a  sum  of  e ight   c o n s t a n t s ,   each  

m u l t i p l i e d   by  an  image  e r ro r   s i g n a l .   Each  of  the  s i x  

t achomete r   s i g n a l s   r e q u i r e s   a  d i f f e r e n t   set  of  e igh t   c o n s t a n t s ,  

so  t h a t   f o r t y - e i g h t   cons t an t s   are  r e q u i r e d .   However,  t h e s e  

c o n s t a n t s   have  r ep laced   the  f o r t y - e i g h t   t r i g o n o m e t r i c a l  

e x p r e s s i o n s   which  were  r e q u i r e d   to  be  e v a l u a t e d   h e r e t o f o r e ,  

thus ,   use  of  the  system  in  accordance   with  the  p r e s e n t   i n v e n t i o n  

r e s u l t s   in  s u b s t a n t i a l   s i m p l i f i c a t i o n   of  the  r e q u i r e d   e v a l u a t i o n .  

These  cons t an t s   only  apply  to  one  a t t i t u d e   of  the  arm  and 

must  be  a l t e r e d   for  subsequent   movements  t h e r e o f .   However,  t h e  



va lues   of  the  c o n s t a n t s   are  not  c r i t i c a l ,   so  tha t   the  p r o c e s s o r  

can  r e - e v a l u a t e   them  by  means  of  an  i t e r a t i v e   t echn ique   a s  

changes  in  the  image  e r ro r   s i g n a l s   and  t achomete r   s i g n a l s  

provide   new  d a t a .  

For  any one  p o s i t i o n   of  the  arm,  an  a r b i t r a r y   set  of  e i g h t  

c o n s t a n t s   may  e a s i l y   be  chosen  by  the  p r o c e s s o r ,   so  t h a t  

A  (n)  X  (n)  gives  the  r e q u i r e d   value  of  servo  s igna l   f o r  

each  s e r v o - c o n t r o l l e d   j o in t   of  the  arm,  where  A(1),  A ( 2 ) , . . . A ( 8 )  

are  the  e s t ima ted   chosen  c o n s t a n t s   and  X(1),  X ( 2 ) , . . . X ( 8 )   a r e  

the  image  e r ror   s i g n a l s .   The  value  of  t h i s   servo  s igna l   i s  

c o r r e c t ,   if  i t   is  s u b s t a n t i a l l y   the  same  as  tha t   provided  by  t h e  

o p e r a t o r   in  the  form  of  a  t achomete r   s i g n a l   from  each  j o i n t   o f  

the  m o d e l .  

I t   is  assumed  tha t   the  genera l   p o s i t i o n   of  the  arm  is  n o t  

changing  s i g n i f i c a n t l y   dur ing  any  p a r t i c u l a r   e v a l u a t i o n ,   so  t h a t  

the  f o r t y - e i g h t   values  can  be  c o n s i d e r e d  a s   c o n s t a n t s .  

T h e r e f o r e ,   dur ing  d e m o n s t r a t i o n ,   the  o p e r a t o r   moves  t h e  

model  of  the  arm,  which  g e n e r a t e s   t achomete r   s i g n a l s   and  t h e  

p roces so r   e v a l u a t e s   a  set   of  c o n s t a n t s   which,  when  m u l t i p l i e d   by 

the  image  e r ror   s i g n a l s ,   sum  in  se ts   of  e ight   to  give  s e r v o  

s i g n a l s ,   which  equal  the  t achomete r   s i g n a l s   and  which  can 

t h e r e f o r e   be  fed  to  the  servo  c o n t r o l s   in  s u b s t i t u t i o n   for  t h e  

t achomete r   s i g n a l s .  

These  c o n s t a n t s   are  then  s to red   a g a i n s t   a  s to red   i n d i c i u m  

for  tha t   image,  so  tha t   when  the  robot   comes  to  the  par t   of  t h e  

job  sequence  wherein  tha t   p a r t i c u l a r   image  is  r e q u i r e d ,   t h e  

c o n s t a n t s   can  be  taken  from  the  s t o r e   and  used  to  produce  t h e  

c o r r e c t   servo  s i g n a l .  

It  can  be  seen  that   t h i s   system  in  accordance  with  t h e  

i n v e n t i o n   is  f u r t h e r   advantageous   in  t h a t   p o s i t i o n   sensors   on 

the  arm  of  the  robot  are  no  longer   r e q u i r e d ,   as  the  e v a l u a t i o n  

of  the  t r i g o n o m e t r i c a l   e x p r e s s i o n s   which  r e q u i r e   pa ramete r s   f rom 

those  sensors   is  also  no  longer   n e c e s s a r y .  



The  i n v e n t i o n   wi l l   now  be  f u r t h e r   desc r ibed   by  way  o f  

example  only  with  r e f e r e n c e   to  the  accompanying  diagram,  t h e  

s ing le   f igure   of  which  shows  a  schemat ic   c i r c u i t   ar rangement   o f  

a  p r e f e r r e d   embodiment  of  the  i n v e n t i o n .  

R e f e r r i n g   to  the  f i g u r e ,   an  input   of  e ight   image  e r r o r  

s i g n a l s   genera ted   by  a  camera  r a s t e r   (not  shown)  are  shown  at  1, 

one  of  these   s i g n a l s   being  fed  in to   a  " r a s t e r   p o s i t i o n "   r e g i s t e r  

2.  The  image  e r ror   s i g n a l s   are  der ived  from  a  c o m p a r i s o n  

between  an  image  viewed  t h r o u g h   the  camera  and  a  s t o r e d   image .  

Where,  in  the  f i g u r e ,   only  one  s i gna l   from  a  set  of  six  or  e i g h t  

s i m i l a r   s i g n a l s   is  shown  as  being  fed  i n t o ,   or  from,  a 

p a r t i c u l a r   part  of  the  c i r c u i t   a r r angement ,   i t   impl ies   that   each 

of  the  remaining  s i g n a l s   of  t h a t   set   is  being  fed  s e p a r a t e l y   t o ,  

or  from,  an  e q u i v a l e n t   par t   of  the  c i r c u i t   a r r a n g e m e n t .  

Consequent ly ,   the  f o l l o w i n g   d e s c r i p t i o n   of  the  o p e r a t i o n   of  t h e  

c i r c u i t   shown  in  the  f i g u r e   is  b a s i c a l l y   for  only  one  of  t h e  

eight   image  e r ro r   s i g n a l s   and  one  of  six  t achomete r   s i g n a l s  

genera ted   by  movement  of  a  model  of  an  arm  of  the  robot   ( n o t  

shown  in  the  f i g u r e ) .  

During  d e m o n s t r a t i o n   by  an  o p e r a t o r ,   swi tches   8,  9  and  10 

are  c losed ,   switch  15- is   opened,   and  switch  16  is  set  t o  

" d e m o n s t r a t e " .   The  image  e r r o r   s igna l   1  is  fed  in to   t h e  

" r a s t e r   p o s i t i o n "   r e g i s t e r   2,  where  i t   c o r r e c t s   the  a c t u a l  

r a s t e r   p o s i t i o n ,   which  is  then  s t o r e d   in  a  data  s t o r e   3,  as  p a r t  

of  an  indicium  for  t h a t   p a r t i c u l a r   image  or  p a t t e r n   at  t h a t  

p a r t i c u l a r   s tage  in  the  job  sequence ,   as  d i s c l o s e d   in  B r i t i s h  

Patent   No.  1 ,234 ,941 ,   the  d i s c l o s u r e   of  which  is  i n c o r p o r a t e d  

he re in   by  r e f e r e n c e .   A  t a chome te r   s igna l   11  from  a  j o in t   o f  

the  model  of  the  arm,  which  is  being  manipula ted   by  t h e  

o p e r a t o r ,   is  s u b t r a c t e d   from  a  c o r r e s p o n d i n g   t achomete r   s i g n a l  

12  on  the  robot  arm  and  passed ,   via  switch  8,  to  a  p rocessor   5 .  

The  image  e r ror   s i g n a l   1  is  provided  with  a  second  r e g i s t e r  

7,  which  during  d e m o n s t r a t i o n   is  made  to  fol low  the  " r a s t e r  

p o s i t i o n "   r e g i s t e r   2  a f t e r   a  p r ede t e rmined   time  de lay .   T h i s  

delay  is  provided  by  adding  to  r e g i s t e r   7  a  p o r t i o n   of  t h e  

d i f f e r e n c e   between  the  value  in  r e g i s t e r   7  and  the  value  i n  

r e g i s t e r   2,  the  d i f f e r e n c e   being  determined  by  s u b t r a c t i n g  



r e g i s t e r   17.  The  d i f f e r e n c e   is  passed,   via  switch  9,  and 

d iv ided   by  a  p rede te rmined   cons t an t   N,  before   being  p a s s e d  

back in to   r e g i s t e r   7 .  

I f ,   for  example,  N  =  2,  then  one  hal f   of  the  d i f f e r e n c e  

would  be  added  at  r e g u l a r   i n t e r v a l s   in to   r e g i s t e r   7,  which  would  

thus  fo l low  r e g i s t e r   2  at  a  time  delay  equal  to  two  a d d i t i o n  

i n t e r v a l s .  

This  p rocedure   is  convenient   in  p r a c t i c e ,   because  the  image  

e r r o r   s i g n a l ,   a l though   small ,   is  not  cons tan t   and  is  thus  n o t  

i t s e l f   p a r t i c u l a r l y   s u i t a b l e   as  an  i n p u t ' t o   the  p r o c e s s o r   5 .  

However,  the  d i f f e r e n c e   between  the  two  r e g i s t e r s   r e p r e s e n t s   a  

s u b s t a n t i a l l y   smoothed  value  of  the  image  e r ro r   s i g n a l   for  a  

p a r t i c u l a r   r a s t e r   p o s i t i o n ,   which  can  also  be  held  i n  

s u b t r a c t i n g   r e g i s t e r   17,  u n t i l   i t   is  r e q u i r e d   by  the  p r o c e s s o r   5. 

Over  a  pe r iod ,   the  p rocessor   5  r e c e i v e s   a l l   six  t a c h o m e t e r  

s i g n a l s   from  the  model  and  a l l   e ight   e r ro r   s i g n a l s   from  t h e  

image,  as  seen  through  the  camera,  and  uses  an  i t e r a t i v e  

procedure   to  eva lua t e   a  set  of  c o n s t a n t s , - s o   t h a t   when  each  

cons t an t   is  m u l t i p l i e d   by  an  image  e r ro r   s igna l   and  the  e i g h t  

products   so  produced  are  summed,  servo  s i g n a l s   s u b s t a n t i a l l y  

equal  to  the  t achomete r   s i g n a l s   from  the  model  are  p r o d u c e d .  

The  e v a l u a t e d   c o n s t a n t s   are  then  passed,   via  connec t ion   4,  f rom 

the  p r o c e s s o r   5  to  the  data  s tore   3,  in  which  they  are  s t o r e d  

a g a i n s t   the  ind ic ium  for  tha t   p a r t i c u l a r   image  or  p a t t e r n .  

t achomete r   s i g n a l s   from  the  robot  arm  are  fed  back  and 

s u b t r a c t e d   from  the  tachometer   s i g n a l s   from  the  model,  and  t h e  

d i f f e r e n c e   between  the  two  s i g n a l s   is  fed  to  the  p roces so r   5,  so  

tha t   the  c o n s t a n t s   may  be  i t e r a t i v e l y   processed   or  up -da ted   f o r  

the  f o l l o w i n g   p a t t e r n   in  the  job  s e q u e n c e .  

This  p rocedure   is  r epea t ed   for  the  complete  job  s e q u e n c e ,  

which  is  s t o r e d   in  the  data  s tore   3,  the  c o n s t a n t s   b e i n g  

i t e r a t i v e l y   up-da ted   at  r egu l a r   i n t e r v a l s   by  the  p roce s so r   5  and  

s to r ed   in  the  data  s to re   3 .  

In  order   tha t   the  arrangement  may  be  r endered   capable   o f  

w i t h s t a n d i n g   any  a d d i t i o n a l   e r ro r s   caused  by  i n d i r e c t   movement 



from  one  des i red   p o s i t i o n   of  the  model  of  the  arm  to  a n o t h e r  

d e s i r e d   p o s i t i o n   t h e r e o f ,   i t   may  be  n e c e s s a r y   to  move  the  model 

in  a l l   d i r e c t i o n s   for  a  s u b s t a n t i a l   per iod   of  time  during  t h e  

d e m o n s t r a t i o n .  

When  the  demons t ra t ion   is  comple te ,   swi t ches   8,  9  and  10 

are  opened,  switch  15  is  c losed ,   and  r e g i s t e r   7  becomes  a 

" d e s i r e d   p o s i t i o n "   r e g i s t e r .   The  switch  16  is  then  set  t o  

" r e p e a t . "   As  de sc r ibed   in  the  a f o r e m e n t i o n e d   B r i t i s h   P a t e n t  

No.  1 ,234941,   the  r a s t e r   p o s i t i o n   is  s t o r e d   as  part   of  t h e  

i n d i c i u m   for  each  image  or  p a t t e r n   in  the  job  sequence.   When 

the  robot   is  r equ i red   to  r epea t   the  job  sequence ,   the  d e s i r e d  

r a s t e r   p o s i t i o n s   s to red   in  the  data  s t o r e   3  are  fed,  via  a  l o g i c  

dr ive   6  with  a  clock  input   14  to  r e g u l a t e   the  feed ing   of  t h e  

da t a ,   to  the  "des i r ed   p o s i t i o n "   r e g i s t e r   7,  so  tha t   the  value  i n  

r e g i s t e r   7  is  r e g u l a r l y   up-da ted   for  each  s tage   of  the  j o b  

s e q u e n c e .  
At  s u b s t a n t i a l l y   the  same  t ime,   the  image  e r ro r   s igna l   1 

r e g u l a r l y   up-da tes   the  ac tua l   r a s t e r   p o s i t i o n   in  r e g i s t e r   2, 

which  is  then  s u b t r a c t e d   from  the  d e s i r e d  r a s t e r   p o s i t i o n   i n  

r e g i s t e r   7  to  produce  an  e r ro r   s i g n a l ,   which  is  then  i n v e r t e d  

and  fed  to  p rocessor   5.  

The  data  s tore   3  also  feeds  the  p r o c e s s o r   5,  via  c o n n e c t i o n  

4,  with  the  co r r e spond ing   set  of  c o n s t a n t s ,   which  are  used  i n  

c o n j u n c t i o n   with  the  e r ror   s i g n a l s   to  gene ra t e   the  s e r v o  

s i g n a l s ,   which  are  used  to  dr ive  the  motors  on  t h e  

s e r v o - c o n t r o l l e d   arm.  These  servo  s i g n a l s   are  s u b t r a c t e d   from 

the  v e l o c i t y   f eed-back   s i gna l s   12  from  t achomete r s   on  the  arm, 

and  the  d i f f e r e n c e   t he rebe tween   is  fed,   via  13,  to  motors  of  t h e  

arm,  which  is  thus  man ipu la ted   in  the  c o r r e c t   d i r e c t i o n   at  t h e  

c o r r e c t   speed,  in  accordance  with  the  job  s e q u e n c e .  

The  s i gna l s   12  p rov id ing   v e l o c i t y   feedback  t h e r e f o r e  

c o n s t r a i n   the  motors  to  drive  at  a  speed  p r o p o r t i o n a l   to  t h e  

d i f f e r e n c e   between  the  ac tua l   r a s t e r   p o s i t i o n   in  r e g i s t e r   2  and 

the  des i r ed   r a s t e r   p o s i t i o n   in  r e g i s t e r   7,  m u l t i p l i e d   by  t h e  

c o r r e s p o n d i n g   s to red   c o n s t a n t s .  



The  r a t i o   between  the  s i gna l   passed  to  each  servo  c o n t r o l  

by  the  p rocessor   and  the  feedback   from  each  t a c h o m e t e r  

d e t e r m i n e s   the  d i s t ance   by  which  the  a c t u a l   r a s t e r   p o s i t i o n   l a g s  

beh ind   the  des i red   r a s t e r   p o s i t i o n ,   which  may  be  expressed   as  a  

s e r v o   time  c o n s t a n t .  

The  des i red   r a s t e r   p o s i t i o n   need  not  be  up -da ted   very  o f t e n  

p r o v i d e d   t h a t   the  time  i n t e r v a l   between  each  u p - d a t e   is  a  

r e l a t i v e l y   small  f r a c t i o n   of  the  servo  time  c o n s t a n t .   The 

s e r v o - c o n t r o l   is  p r e f e r a b l y   made  to  r e p l a c e   a  human  o p e r a t o r ,   so  

t h a t   u p - d a t i n g   every  f ive  m i l l i s e c o n d s   would  be  s u b s t a n t i a l l y  

a d e q u a t e .   However,  the  a c t u a l   r a s t e r   p o s i t i o n   needs  to  be 

u p - d a t e d   every  few  tens  of  microseconds   to  avoid  any  n o t i c e a b l e  

l o s s   of  p e r f o r m a n c e .  

The  " r a s t e r   p o s i t i o n "   r e g i s t e r   2  r e p r e s e n t s   any one  o f  

e i g h t   r e g i s t e r s   holding  the  a c t u a l   r a s t e r   p o s i t i o n   and 

c o r r e s p o n d i n g   to  the  e igh t   image  e r ro r   s i g n a l s .   There  are  a l s o  

e i g h t   " d e s i r e d   p o s i t i o n "   r e g i s t e r s ,   which  could  be  made  part   o f  

the  p r o c e s s o r   5,  and  the  dr ive   log ic   6  could  be  made  as  part  o f  

the  data   s to re   3.  However,  due  to  the  f r equency   at  which  t h e  

" r a s t e r   p o s i t i o n "   r e g i s t e r s   r e q u i r e   to  be  u p - d a t e d ,   these   s h o u l d  

be  kept  s e p a r a t e   and  need  to  be  made  from  d e d i c a t e d   ha rdware .  

An  " i f "   i n s t r u c t i o n   may  also  be  i n c o r p o r a t e d   in to   t h e  

d e m o n s t r a t e d   job  sequence  by  i n s e r t i o n   of  a  s u b - r o u t i n e   and  an 

i n d i c a t i o n   that   if   a  c e r t a i n   s i t u a t i o n   is  r e c o g n i s e d ,   t h e  

s u b - r o u t i n e   should  be  i n i t i a t e d .  

The  model  arm,  which  is  man ipu la ted   by  the  o p e r a t o r   d u r i n g  

d e m o n s t r a t i o n   of  the  job  sequence ,   may  i n c l u d e   r e s i l i e n t   means,  

such  as  s p r i n g s ,   so  as  to  permit   c o n s i d e r a b l y   e a s i e r   movement  o f  

the  model  by  the  o p e r a t o r .  

A d d i t i o n a l l y ,   a  keyboard  (not  shown)  may  be  p rov ided ,   so  

t h a t   the  ope ra to r   can  l a b e l   each  s to red   p a t t e r n   with  the  name  o f  

an  o b j e c t   as  i t   is  being  m a n i p u l a t e d   by  the  model  arm.  

I t   wi l l   be  a p p r e c i a t e d   by  persons  s k i l l e d   in  the  ar t   t h a t  

a l t e r n a t i v e   c i r c u i t   c o n f i g u r a t i o n s   to  the  p r e f e r r e d   a r r a n g e m e n t ,  

which  s u b s t a n t i a l l y   implement  the  p r e s e n t   i n v e n t i o n ,   may  be 

e n v i s a g e d .  



As  an  a l t e r n a t i v e   to  the  u t i l i s a t i o n   of  t achomete r s   f o r  

g e n e r a t i n g   s i g n a l s   i n d i c a t i v e   of  the  movement  of  the  model  a rm,  
i t   may  be  p r e f e r a b l e   to  use  a  system  of  j o y s t i c k s   to  p r o v i d e  

s i g n a l s   i n d i c a t i v e   of  v e l o c i t i e s   of  the  model  during  each  s t a g e  

of  the  d e m o n s t r a t i o n .  



1.  A  robot   c o n t r o l   system,  wherein  a  robot  can  be  

programmed  by  d e m o n s t r a t i o n   to  r epea t   a  job  s e q u e n c e ,  
c h a r a c t e r i s e d   in  t h a t   the  system  inc ludes   a  model  of  the  r o b o t ,  

or  of  a  part   t h e r e o f ,   which  can  be  moved  in to   a  des i r ed   p o s i t i o n  

dur ing   d e m o n s t r a t i o n   of  the  job  sequence,   sa id   model  g e n e r a t i n g  

at  l e a s t   one  s i g n a l   (11)  i n d i c a t i v e   of  the  d e s i r e d   movement,  

means  (5)  for  u t i l i s i n g   sa id   s i g n a l ,   or  s i g n a l s   (11)  to  e v a l u a t e  

data  which  can  be  used  to  g e n e r a t e   servo  s i g n a l s   s u b s t a n t i a l l y  

e q u i v a l e n t   to  the  f i r s t - m e n t i o n e d   s i g n a l ,   or  s i g n a l s ,   (11)  

g e n e r a t e d   by  sa id   model,   means  (3)  for  s t o r i n g   the  data  i n  

acco rdance   with  the  job  sequence ,   and  means  (5)  for  u t i l i s i n g  

sa id   data  to  g e n e r a t e   s a id   servo  s i g n a l s ,   sa id   servo  s i g n a l s  

being  used  to  cause  r e p e t i t i o n   of  the  d e s i r e d   movement  by  t h e  

r o b o t .  

2.  A  robot  c o n t r o l   system  as  claimed  in  Claim  1  w h e r e i n  

the  model  is  one  of  a  j o i n t e d   arm  of  the  robo t ,   which  is  c a p a b l e  

of  being  m a n i p u l a t e d .  

3.  A  robot   c o n t r o l   system  as  claimed  in  Claim  2  w h e r e i n  

each  j o i n t   is  p rov ided   with  a  f i r s t   t a c h o m e t e r ,   which  is  c a p a b l e  

of  being  connec ted   to  robot   servos  during  d e m o n s t r a t i o n   of  t h e  

job  s e q u e n c e .  

4.  A  robot  c o n t r o l   system  as  claimed  in  Claim  3  w h e r e i n  

each  c o r r e s p o n d i n g   j o i n t   of  an  a c tua l   arm  of  the  robot   i s  

p rov ided   with  a  dr ive   motor  and  a  second  t a chome te r ,   sa id   s e c o n d  

t achome te r   being  connec ted   so  as  to  provide  v e l o c i t y   f e e d b a c k  

and  to  cause  sa id   motor  to  r epea t   in  the  a c t u a l   arm  any  movement 

imposed  on  the  c o r r e s p o n d i n g   j o i n t   of  the  model  d u r i n g  

d e m o n s t r a t i o n .  

5.  A  robot  c o n t r o l   system  as  claimed  in  any  p r e c e d i n g  

claim  where in   sa id   model  i nc ludes   r e s i l i e n t   means  for  a i d i n g  

movement  t h e r e o f   dur ing   d e m o n s t r a t i o n .  

6.  A  robot  c o n t r o l   system  as  claimed  in  any  p r e c e d i n g  

claim  and  i n c l u d i n g   means  (2)  for  r e g i s t e r i n g   and  means  (3)  f o r  



s t o r i n g   e r ro r   s i gna l s   (1)  i n d i c a t i v e   of  movement  of  said  m o d e l .  

7.  A  robot  con t ro l   system  as  claimed  in  Claim  6  w h e r e i n  

said  data  comprises  a  set  of  cons t an t   va lues ,   which,  when 

p rocessed   in  c o n j u n c t i o n   with  said  e r ro r   s i g n a l s   (1),  g e n e r a t e s  

said  se rvo   s i g n a l s .  

8.  An  assembly  robot  i n c o r p o r a t i n g   a  robot   con t ro l   s y s t e m  

as  c laimed  in  any  p reced ing   c l a i m .  
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